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Bacterial strains and media. B. subtilis 168 CA and LR2, a strain inducible for buffer consisting of 10 mM HEPES (pH 7.6), 150 mM NaCl, 1 mM MgCl2, and 144 0.1 mg/mL DNase I (treated cells) to achieve a 20-fold higher cell density.
145
DNase I and MgCl2 were included to reduce the viscosity due to bacterial DNA 
RESULTS
166
Surface structure of Bacillus subtilis 167 To visualize the structure of the peptidoglycan layer, B. subtilis was observed for positions at the boundary of the filament being focused on (Fig. S1 ). As the 180 structures were coated by platinum to be 2 nm in thickness, the original filament 181 width should be 4 nm thinner than the value obtained. Thus, we concluded that 182 the widths of thick and thin filaments were 8.7 ± 0.4 and 6.9 ± 0.3 nm,
183
respectively, and the thin filaments were aligned with a pitch of 11.3 ± 0.4 nm 184 (Fig. 1E, F) .
185
On elongated cells prior to cell division, invagination was observed at the (Fig. 1G ). This small wall was also found in cells after 191 division (Fig. 1H ), but not in isolated single cells (Fig. 1D) .
192
Cells aligned vertically were frequently fractured by a knife, and a fractured occurring on the cell structures by phase-contrast optical microscopy ( Fig. 2A) . (Fig. 4C, right) . However, the quick-freeze, deep-etch EM has advantages over other methods.
288
As negative-staining EM and cryo electron tomography need to isolate the 289 peptidoglycan layer, the alignment of the structure on the cell cannot be 
309
The circular pattern observed in the present study may be general in Firmicute 310 bacterial species, although the appearance depends on the visualizing 311 methods. A small wall structure was seen at the boundary between the surfaces 312 of the invaginating part and the cylindrical part (Fig. 1G, H ). This structure 313 should correspond to a structure named "wall band" observed in sectioned EM 314 images [34, 35] . A similar structure is known as "piecrust" in SEM observation of Based on the observation here, we can suggest a scheme for cell surface 325 structures in cell division cycles (Fig. 5A left) .
327
Lysozyme starts from new pole and division site 328 In the present study, the disruption process of the peptidoglycan layer was 329 visualized for each of the three factors with different working points (Fig. 5A   330 right, B). In the process, lysozyme preferentially bound to a cell pole and a cell 331 division site (Fig. 2B) . Probably, the newly synthesized peptidoglycan has many 332 gaps, which lysozyme molecules can access easily. The tracking of lysozyme 333 showed that it detached from the initially bound position earlier than it did the 334 other parts, suggesting that the peptidoglycan digestion was completed at the 335 cell pole (Fig. 2C ). Even when pathogenic or parasitic bacteria invade the host, separates from the cell surface (Fig. 2E) . This damage on the entire 344 peptidoglycan layer is as effective as the protection system that is involved in 345 the resistance against invasion by pathogenic or parasitic bacteria. 
351
3C and 5A right). This observation is reasonable if we consider the working 352 mechanism of PenG, in which the transpeptidase activity is inhibited [7, 8] .
353
In the process involving lysozyme, such turgor was not observed. This 354 difference can be explained by the disruption mechanisms (Fig. 5B) were still maintaining the rod shape (Fig. 4C) . This may suggest that there is 
CONCLUDING REMARKS
372
In this study, we showed that quick-freeze deep-etch EM is useful to visualize 
564
The antibiotic β-lactams represented by PenG bind to and inhibit the activity of 565 the transpeptidase by forming a highly stable penicilloyl-enzyme intermediate. 
